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INTRODUCTION 
Transtibial amputees usually demonstrate some gait 
abnormalities which are due to the loss of active 
motions of the ankle joint.  Prostheses have been 
designed to compensate for the loss of motions by 
incorporating flexible keels or shanks. Extensive 
research has been carried out to look into the  
benefits given by those components. However, the 
effect of the introduction of those flexible 
components on stresses at residual limb-prosthetic 
socket interface did not receive much attention. 
 
The understanding of the stresses at limb-socket 
interface is fundamental to achieve a successful 
prosthesis fit. Theoretical analyses using finite 
element (FE) analysis has been widely used to study 
the interface stress. It offers advantages that stress, 
strain and motion in any parts of the model can be 
predicted and parametric analyses can be performed 
easily. In most previous FE models, only socket and 
the limb were involved and no attempt has been 
made to study the effect changes of distal 
components of the prostheses on interface stress. 
 
In this study, a FE model with the limb and the 
whole prosthesis was created and the effect of the 
shank flexibility on limb-socket interface stresses 
were studied. The prosthesis studied here is a total 
thermoplastic prosthesis with the shank and socket 
molded into one piece of polypropylene material. 
 
METHODS 
The geometries of the bones and their positions 
relative to the limb surface were obtained from MRI 
on a transtibial amputee. Outlines of bones were 
identified in Mimics 7.1.  The residual limb surface 
was obtained by digitizing a loose plaster cast using 
the BioSculptorTM system.  Bone geometries were 
assembled into the residual limb according to the 
MRI.  A prosthetist using ShapeMakerTM 4.3 
prepared the geometry of the prosthesis by applying 
rectification template to the digitized cast and adding 
a shank blended into the socket end.  Different shank 
geometries (Figure 1) were used such that prostheses 
with different overall stiffness were created. The 
prosthesis was given 4 mm thickness.  The geometry 
of the prosthetic foot was based on direct 
measurement of a SACH foot. The foot was 
partitioned into two for the regions of wooden keel 
and the surrounding rubber foam. The model (Figure 
2a) was exported to ABAQUS 6.3 for analysis. The 
Young’s modulus of socket and shank in its entirety, 
soft tissue, bones, keel and rubber foam were 
assumed to be 1500MPa, 200kPa, 700MPa and 
5MPa respectively. Poisson’s ratio was assumed to 
be 0.45 for soft tissue and 0.3 for all other materials. 
All bones were fixed and loading were added at the 
plantar surface of the prosthetic foot according to 
our previous gait analysis data to simulate heel 
strike, loading response and heel off conditions. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  3 different shank geometries creating prostheses 
with different stiffness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (a) Geometries used in the model; Comparisons of (b) 
normal and (c) shear stresses at mid patellar tendon (MPT), 
anterolateral tibia (ALT), anteromedial tibia (AMT) and popliteal 
depression (PD) at heel off conditions. 
 
RESULTS AND DISSCUSSIONS 
It was found a trend existed in that increases in 
shank flexibility led to decreases in interface normal 
and shear stresses in three walking conditions. 
Figure 2b and c shows comparisons of interface 
stresses at heel off. It is suggested that flexible shank 
could raise the comfort as it was shown in the 
literature that the magnitude of stresses applied onto 
the skin surface of the residual limb are related to 
comfort perceived by amputees . 
CONCLUSION 
A FE model with residual limb and the entire 
prosthesis was created. It was found that increased 
shank flexibility induced reduced interface stresses 
which was preferable in giving better comfort.  
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